Incorporation of selected amino acids by resting cells was studied with regard to effects of concentration, rate and extent of incorporation, cellular distribution, effect of ammonium ion on uptake, and competitive effects. L-Aspartic acid, Lalanine, L-serine, and glycine presented at trace levels were incorporated at rates ranging from 0.11 to 8.2 ,ujmoles per mg (dry weight) per minute, and maximal incorporation was 11 to 333 ,u,.tmoles per mg (dry weight). When glycine and aspartic acid were supplied at substrate level, the rate of incorporation increased 14-and 109-fold, respectively. The presence of ammonium ion further increased both the rate and extent of uptake of glycine and aspartic acid. The distribution of cellular radioactivity arising from 14C amino acids indicated that cell pool radioactivity was concentrated from 1.2-to 24.5-fold over the external medium. Aspartic acid pool radioactivity accounted for 50% or more of the total cellular radioactivity, whereas radioactivity in glycine and serine pools dropped from initially high levels to 20 to 25% during incubation. The decrease in pool radioactivity with both glycine and serine was accompanied by an increase in other fractions, especially in the cell residue. The growth-inhibiting amino acid L-valine, supplied at substrate level, contributed more carbon per milligram (dry weight) than any other amino acid studied. L-Leucine, in the presence of L-valine, was observed to decrease valine incorporation.
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The previous paper, concerned with the effect of amino acids on the growth of Nitrosomonas europaea, indicated that all amino acids studied were incorporated, but that there was no apparent correlation between the extent of incorporation and the ability of an amino acid to stimulate nitrite production and cell synthesis (4) . Cells harvested after 5 days of growth in medium containing trace levels of labeled amino acids were observed to accumulate the label to varying degrees. Those which were incorporated extensively either had no effect on growing cells or were inhibitory; a few amino acids were not incorporated extensively but did stimulate growth, and hence were of particular interest with respect to their utilization by Nitrosomonas. Additional studies with selected amino acids were made under resting-cell conditions to provide information on the rate and extent of incorporation, effect of ammonium ion on uptake, cellular distribution, effects of concentration, and competitive effects.
MATERIALS AND MErHODS
The strain of N. europaea, the uniformly labeled amino acids, and the unlabeled amino acids were those reported in the previous paper (4) . Cultures were grown and maintained as previously described, and methods of determination of cell protein and nitrite were those referenced previously (4) .
Isotope experiments with resting cells. Cultures were grown in 2-liter Fernbach flasks containing 1 to 1.5 liters ofinorganic growth medium and 1.0 ml of0.02% phenol red to provide visual evidence of pH change. Each Fernbach was inoculated with approximately 100 ml of a 5-to 7-day-old N. europaea culture, followed by shaker incubation at 30 C for 2 days.
Cells were harvested in late log phase by centrifugation (5 C) and were washed three times in sterile, room-temperature, 0.02 M phosphate buffer (pH 8.0); they were then suspended in the same sterile buffer. The '4C-amino acid was added to the cell-buffer suspension, and incubation, with shaking, was carried out at 22 to 25 C for the desired period of time. Samples (5 ml) were removed at specified time intervals and were added immediately to 3.0 ml of cold (0 to 5 C) 0.02 M phosphate buffer. Cell pellets were washed three times by centrifugation in cold buffer. The following cell fractions, prepared as described previously (4), were routinely assayed for radioactivity: cold trichloroacetic acid extract, ether-ethyl alcohol extract, hot trichloroacetic acid extract, and cell residue. In some instances, the precipitate remaining after the cold trichloroacetic acid extraction was dissolved in 91% formic acid for 'IC counting, yielding a cold trichloroacetic acid-insoluble fraction.
14C Fig. 1A , was maintained for 60 min, followed by a decreased rate that continued for the duration of the experiment. At 240 min, only 0.95% of the aspartic acid had been incorporated. The cellular distribution of radioactivity during exposure to L-aspartic acid is shown in in Fig. 1B . The cold trichloroacetic acid-soluble fraction, initially accounting for 50% of the total cellular radioactivity, continued to increase in radioactive content during the course of incubation. The cold trichloroacetic acid-insoluble fractions, initially containing approximately 50% of the total cellular radioactivity, were observed to decrease in radioactive content upon continued incubation.
The incorporation of glycine was much faster than occurred with aspartic acid. Data in Fig. 2A show that the initial rate of incorporation of glycine was maintained for 20 min and was approximately 74-fold greater than with aspartic acid. Subsequent incorporation continued at a reduced rate and reached a maximum at 43% glycine uptake. Continued incubation unaccountably resulted in a slight drop in total cell radioactivity. Figure 2B indicates that the radioactivity arising from glycine during early sampling periods was distributed equally between the cold trichloroacetic acid-soluble and -insoluble fractions. Additional samples taken throughout the course of incubation indicated that as the cold trichloroacetic acid-soluble radioactivity decreased and leveled off, the cold trichloroacetic acid-insoluble cell fractions, notably the cell residue, increased in radioactive content.
L-Serine incorporation was also very rapid and, as shown in Fig. 3A , occurred at a rate 52-fold greater than aspartic acid. Maximal incorporation of L-serine was 9.3%; this was reached after 2 hr of incubation and remained essentially unchanged thereafter. Distribution of the radioactivity originating from serine is reported in Fig. 3B . The cold trichloroacetic acid-soluble fraction in this instance accounted for over 65% of the total cellular radioactivity during early sampling times. The cold trichloroacetic acid-soluble radioactivity dropped sharply, and then leveled off at less than 30% of the total cell radioactivity. These events paralleled increases in radioactivity in the cold trichloroacetic acid-insoluble cell fractions, with subsequent leveling off after 2 hr of incubation.
Effect of amino acid concentration and ammonium ion on incorporation. Since the amino acids were studied previously at low concentrations, in the range of 10-6 to 1.4 x 10-6 M, it was desirable to examine the effects of higher concentrations: those used were 1.2 X 10-4 to 5.2 X 10-4 M. Moreover, previous experiments were carried out in the absence of added ammonium ion, and it was of interest to examine the effect of the presence of the nitrifier's energy source on the extent of amino acid incorporation. L-Alanine was included in these experiments, since it was shown that relatively high amounts were incorporated under growth conditions (4) . Alanine was of interest with respect to its possible metabolic relationship to the utilization of pyruvate by N. europaea (3; C. Clark and E. L. Schmidt, Bacteriol. Proc., p. 1, 1966). Glycine was selected because incorporation, compared with that of other amino acids tested, was extensive, and L-aspartic acid was of interest due to the stimulatory effect it exerted on nitrite production and cell synthesis under growth conditions (4) . The data presented in Table 1 show that the incorporation of alanine was more extensive at 1.2 X 1O4 M than at 1 x 10-6 M. The uptake of label at the higher concentration was enhanced still more in the presence of ammonium ion. The cellular distribution of radioactivity for alanine (1.2 X 104 M) in the absence of ammonium ion showed that, after 10 min of incubation, 27% of the radioactivity was in the cold trichloroacetic acid-soluble fraction. This is in contrast to other work in which it was found that cold trichloroacetic acid-soluble radioactivity originating from pyruvate (1.6 x 10-< M) after a similar incubation period accounted for 80% of the total cellular radioactivity (Clark and Schmidt, Bacteriol. Proc., p. 1, 1966) . In view of the similarity between L-alanine and pyruvate with regard to the initial rates of incorporation (100 and 109 ,u,umoles per mg (dry weight) per min, respectively), the variation found in cellular distribution suggests a comparatively greater facility on the part of Nitrosomonas in converting alanine to trichloroacetic acid-insoluble cell components. The effect of ammonium ion nitrogen on incorporation of aspartic acid, present at different concentrations, is shown in Fig. 4 . These data again show that the uptake of the exogenous amino acid is a direct function of the amino acid concentration. With the energy source present in the suspension, substantially higher levels of aspartic acid were incorporated at each amino acid concentration. This is in agreement with the work of Butler and Umbreit (2), in which it was shown that the amount of carbon assimilated by Thiobacillus thiooxidans was proportional to the external supply.
The data in Table 2 indicate that the ammonium ion energy source had an effect on the incorporation of glycine similar to that observed for aspartic acid. After 15 min of incubation, the extent of glycine uptake by the cells was approxi- mately twofold greater in the presence of ammoniuin ion. Incorporation of L-valine. Since earlier work (4) indicated that inhibitory amino acids supplied to growing cells at low concentrations were incorporated, it was of interest to examine the extent of incorporation of one of these compounds, (Fig. 6) indicate that, as the leucine concentration valine-14C with carrier added, to give a specific activity was increased, the extent of valine incorporation of0.084 ,uc/,umole, was present at 7 X 10-4 m in a total decreased. The data suggest that L-leucine and volume of50.0 ml of 0.02 m phosphate buffer (pH 8.0) L-valine incorporation by N. europaea may be containing 0.20 mg of cell dry weight per ml of suspencompetitive processes. As before (Fig. 5) , a sion. Incubation was withshakingat 22 to 25 C. Symbols: marked drop in the radioactivity of the cold tri-0, cold trichloroacetic acid-soluble extract; A, cold chloroacetic acid-insoluble fraction was observed trichloroacetic acid-insoluble extract. to occur following maximal incorporation of the valine.
DIscussIoN
The evidence is clear that each of the "4C-amino acids supplied exogenously at low levels (1 ,ug/ ml or less) were readily taken up and incorporated into cellular fractions by resting cells of N. europaea. These results fully confirm those reported for amino acid use by growing cells (4) . It is obvious that N. europaea is not strictly autotrophic, but readily accepts and uses organic metabolites presented in its environment.
Wide differences were observed in the rates at which different amino acids were taken up. As shown in Table 2 , the aspartic acid was taken up very slowly as compared with the other amino acids; the rates, respectively, for aspartic acid, alanine, serine, and glycine were 0.11, 4.7, 5.7, and 8.2 ,uj,moles per mg of cell dry weight per min. Moreover, at the peak of the initial rates of incorporation, the pool concentrations of radioactivity arising from these amino acids, per milliliter of cells, were, respectively, 1.2-, 10.3-, 24.5-, and 16-fold greater than the external medium.
The maximal incorporation observed for these amino acids (Table 2) was 11, 180, 260, and 333
Amoles per mg of cell dry weight, respectively, for aspartic acid, alanine, serine, and glycine. Ida Fig. 1-3 show that for aspartic acid the pool radioactivity accounted for 50% or more of the total cellular radioactivity throughout incubation, whereas pool radioactivity for both glycine and serine dropped from initially high levels to only about 20 to 25% during incubation. The decrease in pool radioactivity with both glycine and serine was accompanied by increased radioactive content, predominantly in the cell residue.
The "4C-amino acids at concentrations ranging from 1.2 X 10-4 to 5.2 X 10-4 M were incorporated more extensively than was the case when trace amounts of amino acids were supplied. In addition, the data show that the availability of ammonium ion further increased the extent of incorporation by the cells. Alanine incorporation (Table 1) , after 120 min of incubation, was found to be 1.7-fold greater in the presence of ammonium ion. Glycine (Table 2) after 15 min incubation, and aspartic acid (Fig. 4) after 60 min incubation, were found to be 1.96-and 2.6-fold greater, respectively, in the presence of ammonium ion. Glycine, L-alanine, and L-aspartic acid uptake, when supplied at substrate levels, was found to be approximately 6-, 16-, and 63-fold greater, respectively, than uptake when these amino acids were supplied at trace levels. No discrimination against the inhibitory amino acid L-valine was evident.
The data in Fig. 5 and Table 2 show that valine incorporation was approximately 800-fold greater at substrate than at trace-level concentrations. In fact, at the higher concentration, L-valine contributed more carbon per milligram of cell dry weight than any other amino acid studied. L-Valine incorporation by Nitrosomonas decreased in the presence of increasing concentrations of L-leucine, thereby suggesting a competitive effect (Fig. 6 ). L-Alanine and glycine (data not shown) were also found to decrease incorporation of L-valine by Nitrosomonas. The response is perhaps similar to that found in yeast by Halvorson and Cohen (6) , who reported that a number of az amino acids with or without structural relationship to valine caused inhibition of valine accumulation.
The data of Fig. 5 and 6 also show that the initial incorporation of L-valine was followed by an abrupt drop in cell-bound radioactivity. The nature of this response to valine is not known.
Rough comparisons of amino acid incorporation by N. europaea and typically heterotrophic forms are of interest. Maximal incorporation by Nitrosomonas, as occurred with glycine (1.2 X 10-6 M), was 333 ,u,umoles per mg of cell dry weight at 120 min. This is in sharp contrast to a heterotrophic organism, Escherichia coli, which incorporated 6,000 ,A,Amoles of the amino acid L-proline (1.2 X 10-6 M) per mg of cell dry weight in 3 min (1) . Although it appears that the quantitative aspects of amino acid incorporation by heterotrophs and Nitrosomonas are not comparable, marked qualitative similarities do exist. For the nitrifier also, as is usual with heterotrophic forms, the major portion of cell-bound radioactivity arising from the amino acids appears in thle cell residue fraction and amino acids accumulate against a concentration gradient. The presence of the organism's energy source increases the extent of amino acid uptake, an increase in the concentration of exogenous aminoacid leads to increased extent of incorporation, and inhibition of valine uptake in the presence of leucine is observed.
